BACKGROUND: There is conflicting evidence regarding bisphosphonates and atrial fibrillation (AF) risk in osteoporosis patients. However, bisphosphonates are used in much higher doses in treatment of bone metastasis and hypercalcemia, but little is known about the AF risk in cancer patients. METHODS: We conducted a nationwide population-based cohort study using Danish databases. All cancer patients exposed to intravenous bisphosphonates during 2000 -2008 were matched with two non-exposed cancer patients by cancer type, distant metastasis presence at diagnosis, age, and gender. We used Cox proportional hazard regression to estimate hazards ratios (HRs) of AF/flutter adjusting for important confounding factors. RESULTS: Of the 3981 cancer patients exposed to intravenous bisphosponates, 128 (3.2%) developed AF/flutter. This condition occurred in 192 (2.4%) of the 7906 non-exposed cancer patients, corresponding to an adjusted HR of 1.7 (95% CI: 1.2 -2.4). CONCLUSION: Intravenous bisphosphonates may increase AF/flutter risk in cancer patients.
Bisphosphonates inhibit osteoclast-mediated bone resorption and are widely prescribed for prevention and treatment of osteoporosis (Woolf and Akesson, 2003) . Bisphosphonates are now also used in treating bone metastasis and hypercalcemia in cancer patients (Coleman et al, 2008) . Unexpectedly, a clinical trial (Black et al, 2007) followed by two observational studies (Heckbert et al, 2008; Abrahamsen et al, 2009 ) and two metaanalyses (Loke et al, 2009; Bhuriya et al, 2010) found that bisphosphonates may be associated with increased risk of atrial fibrillation (AF). In contrast, results of several other clinical trials, observational studies, and meta-analyses have been less supportive of increased AF risk in patients treated with bisphosphonates (Karam et al, 2007; Lyles et al, 2007; Sorensen et al, 2008; Bunch et al, 2009; Grosso et al, 2009; Mak et al, 2009; Huang et al, 2010; Kim et al, 2010; Vestergaard et al, 2010) . In addition, little is known about the potential underlying mechanism. Most studies were based on osteoporotic patients, with few examining the association in cancer patients (Wilkinson et al, 2010; Arslan et al, 2011) . In cancer patients, bisphosphonates are administered in doses up to 10 times higher than those used for osteoporosis treatment. Thus cancer patients may be at particularly increased risk of AF, as indicated by one study (Wilkinson et al, 2010) . In addition, cancer patients are often exposed to chemotherapies that itself increase this risk. The limited and conflicting available evidence led us to conduct a large nationwide follow-up study of AF and flutter risk in Danish cancer patients treated with bisphosphonates.
MATERIALS AND METHODS
We used the Danish Cancer Registry (DCR) to identify all patients with incident cancers between 1 January 2000 and 31 December 2008. The DCR hold records on all incident malignant neoplasms in Denmark since 1943, including patients' civil registration number, month and year of cancer diagnosis, cancer type, and tumour spread at diagnosis (Storm et al, 1997) . The unique civil registration number assigned to all Danes at birth or upon immigration (Pedersen et al, 2006) allowed us to link each cancer patient to the Danish National Registry of Patients (DNRP) to obtain information on intravenous (IV) bisphosphonate therapy around the time of cancer diagnosis (excluding patients receiving bisphosphonate therapy more than 30 days before their cancer diagnosis) and on medical history. The DNRP include all nonpsychiatric hospitalisations in Denmark since 1977 and hospital outpatient contacts since 1995. Its records include dates of admission and discharge, treatment and procedure codes (BWHB40 for bisphosphonates), and up to 20 diagnoses coded by physicians according to the International Classification of Diseases (ICD), 10th revision since 1994 (Andersen et al, 1999) .
We matched each bisphosphonate-exposed cancer patient to two non-exposed cancer patients, by cancer type, presence of distant metastasis at diagnosis, age, and gender. We defined the index date as the date of the first bisphosphonate treatment code for bisphosphonate-exposed patients and the corresponding date in the matched non-exposed cancer patients. We followed the cancer patients from their index date until an AF/flutter hospital discharge diagnosis, death, emigration, or the end of study (25 January 2010), whichever came first. Patients with AF/flutter were identified from the DNRP using ICD-10 code I48.9. Although this code includes both AF and flutter, only 5% of patients have isolated atrial flutter (Frost and Vestergaard, 2004) . Patients diagnosed with AF/flutter before their index date were excluded. We used stratified Cox proportional hazard regression analysis to estimate hazard ratios (HRs) as an estimate of the relative risk of AF/flutter in bisphosphonate-exposed compared with non-exposed cancer patients, adjusting for the following potential confounding factors extracted from the DNRP: cardiovascular disease, diabetes, pulmonary disease, hyperthyroidism, alcoholism, and renal failure (refer Christiansen et al, 2009 for ICD-10 codes) and the receipt of surgery (surgery code K) and chemo-and radiotherapy (treatment codes BWG and BWHA) in the year before the index date.
In sub-analyses we restricted to cancer patients living in Central and Northern Denmark (population of 1.8 millions) with prescription data stored in the Aarhus University Prescription Database (Ehrenstein et al, 2010) . This database includes the type and amount of the drug prescribed according to the Anatomical Therapeutic Chemical classification system, the date the drug was dispensed, and the patient's civil registration number for reimbursed prescriptions. We used the same methodology as above, further adjusting for medication use as a marker of underlying disease associated with AF/flutter prescribed in the year before index date (cardiovascular, respiratory, or antithyroid drugs, thyroid hormone replacement therapy, non-steroid inflammatory drugs or COX-2 inhibitors, vitamin K antagonists, and oral glucocorticoid drugs (Christiansen et al, 2009 for codes)). We also did an analysis excluding digoxin users, which are likely to represent prevalent AF/flutter, and another analysis excluding oral bisphosphonate users.
RESULTS
We identified 3981 cancer patients exposed to IV bisphosphonate therapy and 7906 non-exposed cancer patients and followed these patients for a total of 22 642 years. In both exposed and nonexposed patients, the median age was 65 years, 61% were women, and 23% had distant metastasis at cancer diagnosis (Table 1) . The most frequent cancer types were breast cancer and multiple myeloma and potential confounding factors were almost equally distributed between the bisphosphonate-exposed vs non-exposed groups except for surgery, chemo-, and radiation therapy (Table 1) . Among cancer patients exposed to IV bisphosphonate therapy, 128 (3.2%) developed AF/flutter after a median time from index of 335 days and a medium time from latest treatment of 63 days. Among non-exposed patients, 192 (2.4%) developed this condition. This corresponds to a crude HR of 1.8 (95% CI: 1.4 -2.4) and an adjusted HR of 1.7 (95% CI: 1.2 -2.4).
In the analysis restricted to Central and Northern Denmark and further adjusting for medication use the crude HR was 1.5 (95% CI: 0.9 -2.4) and the adjusted HR was 1.4 (95% CI: 0.9 -2.3). Exclusion of digoxin and oral bisphosphonate users did not change the estimates (results not shown).
DISCUSSION
Our study showed that cancer patients exposed to IV bisphosphonates are at increased risk of AF/flutter. This is consistent with a recently published study using the Surveillance, Epidemiology and End Results (SEER) Medicare database (Wilkinson et al, 2010) . In the SEER study, a total of 6857 bisphosphonate users were matched according to cancer type, age, sex, presence of bone metastasis, and SEER region to 13 714 bisphosphonate non-users in the 1995 -2003 period (age X65 years). The study reported an HR of 1.30 (95% CI: 1.18 -1.43) for AF among bisphosphonate users compared with non-users, together with an increased risk of stroke. In contrast, a Turkish cross-sectional study, from a single outpatient clinic, of 124 patients with solid tumours and bone metastasis treated with IV bisphosphonates did not detect any AF/flutter episodes (Arslan et al, 2011) . However, that study was clearly underpowered and its design precluded evaluation of new onset of AF/flutter. In all other studies, examination of the association between bisphosphonates and AF was restricted to osteoporosis patients. These studies, comprehensively outlined in the 2010 review by Howard et al (2010) , had inconsistent findings for AF risk. A 2010 communication issued by the US Food and Drug Administration, based on the results from some of these studies and subsequent analyses, also did not identify a clear association (FDA, 2010) . Nevertheless, even a small association between bisphosphonates and AF (perhaps insignificant in osteoporosis patients) may be important for cancer patients as this vulnerable group receives doses of bisphosphonates up to 10 times higher than those given to osteoporosis patients.
The strengths of our study included being population based and conducted in a nationwide setting within a free tax-supported healthcare system, with access to complete and valid data on cancer (Storm et al, 1997) . These features reduced the risk of selection, referral, and information biases and its results are generalisable to patients of all ages with cancer at any site. Furthermore, even though we did not identify AF/flutter directly by ECG but by discharge codes in the DNRP, the coding had a positive predictive value estimated to be as high as 97% (Frost and Vestergaard, 2004) . Still, our study has limitations. Although coding of IV bisphosphonate use in the DNRP has high predictive value, it may be incomplete. This could cause exposed cancer patients to be misclassified as non-exposed, leading to underestimation of the relative risk. In addition, the specific subtype or dose of bisphosphonates was not recorded in the DNRP, precluding investigation of any dose-response or risk differences between the bisphosphonate types registered for IV administration in Denmark (zoledronic acid, ibandronic acid, and pamidronate). Although Danish guidelines recommend referral of all patients with incident AF/flutter to a hospital clinic, we may have excluded some prevalent cases only seen by a general practitioner. Nevertheless, this is unlikely to bias our results, because AF/flutter diagnoses are probably not missed more often in exposed cancer patients than in unexposed patients. Furthermore, we may have missed some AF/flutter transient cases as they probably would be less likely to be recorded in the DNRP and we were also unable to report on the severity of AF/flutter. Confounding remains a potential source of bias in observational studies. The matching in our study resulted in almost equal distribution of several important confounding factors between exposed and non-exposed cancer patients. Despite this, there may still be residual confounding (e.g. from smoking) and patients at an a priori increased risk of AF/flutter might have been more or less likely to be treated with bisphosphonates (confounding by indication). For instance, most cancer patients exposed to bisphosphonates have bone metastases and thus might represent more severely ill patients with a higher risk of AF than unexposed patients, causing us to overestimate the HR.
Both clinical trials and observational studies are susceptible to bias, and neither provides perfect information (Sorensen et al, 2006) , as indicated by previous studies on the association between bisphosphonates and AF. However, until further data become available, our data suggest that clinicians should be aware of the increased risk of AF/flutter in cancer patients treated with IV bisphosphonates.
